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RECORDING METHOD OF A HELICAL
SCAN SYSTEM FOR RECORDING DATA TO
A TAPE-SHAPED RECORDING MEDIUM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a recording method
suitable for use 1n a digital data recording/reproducing
apparatus for recording/reproducing digital data or the like
to/from a tape-shaped recording medium.

2. Description of the Related Art

Since a tape streamer drive for recording/reproducing
digital data to/from a magnetic tape has an enormous
recording capacity, it 1s widely used to back up data stored
in a storage device such as a hard disc or the like. The tape
streamer drive 1s not only used for backup for a storage
device but also suitable for recording large files such as
motion picture data. As such a tape streamer drive, for
example, a tape streamer drive of a helical scan type for
recording/reproducing digital data to/from a magnetic tape
by using, for example, a tape cassette similar to a tape
cassette of an 8 mm VTR and using rotary heads 1s known.

In the tape streamer drive of the helical scan type, data 1s
recorded to oblique tracks by two heads having different
azimuth angles. For searching operation, to search a record-
ing position of desired data, the tape 1s fed at a high speed
and the data 1s reproduced at a high speed. When the high
speed reproduction 1s executed, the heads scan over a
plurality of tracks. While the tape 1s reproduced at a high
speed as mentioned above, the search code 1s detected and
while the search code and a target place are compared, the
scarching operation 1s executed.

As a method of recording the search code for searching
operation, a method 1n which predetermined tracks are set to
recording tracks of the search code and the search code is
recorded 1n the whole track and a method in which recording
arcas of the search code 1s provided in a part of each track
and the search code 1s recorded 1n the recording areas of the
secarch code are considered.

The method 1n which the predetermined tracks are set to
the recording tracks of the search code and the search code
1s recorded 1 the whole track has an advantage of high-
speed search, because the search code can be certainly
detected even 1n a high-speed reproducing mode. But 1t has
a disadvantage that a recording efliciency of data 1s
deteriorated, because the predetermined tracks are set to the
recording tracks of the search code.

On the other hand, the method of the recording areas of
the search code are provided 1n a part of each track and the
secarch code 1s recorded 1n the recording areas of the search
code, there 1S a case such that the search code cannot be
detected at the time of the high-speed search, so that it 1s
disadvantageous to the high-speed search.

Further, when the predetermined tracks are set to the
recording tracks of the search code or when a part of each
track 1s set to the recording areas of the search code as
mentioned above, a process for detecting whether reproduc-
fion data 1s data 1n the search code areas or not 1s necessary,
so that there 1s a problem such that the process 1s compli-
cated.

It 15, consequently, considered that the data 1s recorded on
a sync block unit basis and the search code 1s recorded 1n
cach sync block. That 1s, the data 1s divided into a plurality
of blocks and a sync and an ID are added to each block to
thereby construct the sync block, and the data 1s recorded on
the sync block unit basis.
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When the data has been recorded on the sync block unit
basis as mentioned above, a clock is reproduced from the
sync of each sync block by a PLL and the data can be
demodulated. By including the search code in the ID,
therefore, the search code can be detected upon searching
while the tape 1s reproduced at a high speed. Thus, since any
special search code areas are unnecessary, the recording
efficiency 1s improved. Since the search code 1s recorded 1n
the whole area, 1t 1s advantageous for the high-speed search.
Further, the process for detecting whether the reproduction
data 1s that 1n the search code areas or not 1s unnecessary.

When the data 1s recorded on the sync block unit basis and
the search code 1s included 1n each sync block as mentioned
above, however, there 1s a case such that heads cannot pick
up the sync blocks and the search code cannot be detected
in dependence on the relation between the track pitch and the
head width or the times speed or the like. There 1s also a case
such that the searching operation cannot be certainly per-
formed due to a detection error of the search code.

OBIJECTS AND SUMMARY OF THE
INVENTION

It 1s, therefore, an object of the invention to provide a
recording method 1n which when data 1s recorded on a sync
block unit basis and a search code 1s recorded 1n each sync
block, the search code can be certainly detected.

The 1nvention relates to a recording method of a helical
scan system for recording data to a tape-shaped recording
medium by rotary heads, comprising the steps of: dividing
data of one track to be formed onto a tape-shaped recording
medium 1nto a plurality of blocks; allocating ID information
including a search code to each block and recording the data
onto the track on the block unit basis; when searching target
data while feeding the tape-shaped recording medium at a
high speed 1n the recording step, recording the ID informa-
tion onto the track so as to arrange at least one the search
code 1nto a flat portion of a reproduction waveform to be
reproduced.

The above, and other, objects, features and advantage of
the present imnvention will become readily apparent from the
following detailed description thereof which 1s to be read in
connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a block diagram of an example of a tape streamer
drive to which the invention 1s applied;

FIG. 2 1s a schematic diagram which 1s used for explain-
ing an example of the tape streamer drive to which the
invention 1s applied;

FIG. 3 1s a schematic diagram which 1s used for explain-
ing an example of the tape streamer drive to which the
invention 1s applied,;

FIG. 4 1s a waveform diagram which 1s used for explain-
ing an example of the tape streamer drive to which the
invention 1s applied;

FIG. § 1s a schematic diagram which 1s used for explain-
ing a head tracing on a tape;

FIGS. 6A and 6B are schematic diagrams which 1s used
for explaining an example of the tape streamer drive to
which the mvention 1s applied;

FIG. 7 1s a schematic diagram which 1s used for explain-
ing an example of the tape streamer drive to which the
mvention 1s applied; and

FIG. 8 1s a flowchart which 1s used for explaining an
example of the tape streamer drive to which the invention is
applied.



6,003,961

3

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

An embodiment of the invention will be described here-
inbelow with reference to the drawings. FIG. 1 shows an
example of a tape streamer drive to which the invention 1is
applied. The tape streamer drive records/reproduces data
to/from a magnetic tape by using a magnetic tape similar to
that of the 8 mm VTR by the helical scan type.

That 1s, 1n FIG. 1, reference numeral 1 denotes a rotary
drum. Recording heads 2A and 2B and reproducing heads
3A and 3B are arranged 1n the rotary drum 1. The recording,
heads 2A and 2B have what 1s called a double-azimuth
structure 1n which they are integratedly constructed so that
two gaps having different azimuth angles are extremely
close to each other. Stmilarly, the reproducing heads 3A and
3B have the double-azimuth structure.

A magnetic tape 5 1s wound around the rotary drum 1. The
magnetic tape 3 1s pulled out from a cassette similar to a tape
cassette of an 8 mm VTR. The rotary drum 1 1s rotated by
a drum motor 4. The magnetic tape 5 1s fed by a capstan
motor 6 and a pinch roller (not shown). The drum motor 4
and capstan motor 6 are rotated under the control of a
mechanism controller 7. Processes such as drum servo,
tracking servo, and the like are executed by the mechanism
controller 7. The mechanism controller 7 and a system
controller 12 for performing the whole control are bidirec-
tionally connected.

Data 1s recorded/reproduced by the helical scan method
by using the rotary drum 1 in which the recording heads 2A
and 2B and reproducing heads 3A and 3B are arranged as
mentioned above.

That 1s, recording data to the magnetic tape 5 1s modulated
by a modulating circuit 8 and 1s supplied to the recording,
heads 2A and 2B through a recording amplifier 9. The data
1s recorded along oblique tracks onto the magnetic tape 5 by
the recording heads 2A and 2B. The recording heads 2A and
2B have different azimuth angles and the oblique tracks are
tracks having the azimuth angles which are different every
track.

Data 1s recorded onto the magnetic tape 5 on a sync block
unit basis. FIG. 2 shows a structure of the track. As shown
in FIG. 2, a data area D1 1s provided in the center of the
track, ATF (Automatic Track Following) arcas ATF1 and
ATF2 for tracking are provided on both sides of the track,
and data areas D2 and D3 are provided 1n end portions which
are located on the outer side than the ATF areas ATF1 and
ATF2.

Data 1s recorded on the sync block unit basis 1n the data
arcas D1 to D3. One sync block 1s constructed by 67
symbols comprising: a sync of one symbol; an ID of two
symbols; and user data of 64 symbols. A search code 1is
included 1n the ID together with information such as block
number, track number, azimuth angle, and the like.

The data recording 1s executed on a unit basis of one
ogroup. One group 1s constructed by, for example, 16 tracks
of 8 tracks of an azimuth A and 8 tracks of an azimuth B as
shown 1n FIG. 3. The number of search code 1s increased on
a group unit basis.

In FIG. 1, the data on the magnetic tape 5 1s reproduced
by the reproducing heads 3A and 3B. Outputs of the repro-
ducing heads 3A and 3B are supplied to a demodulating
circuit 11 via a playback amplifier 10. The reproduced data
1s demodulated by the demodulating circuit 11.

As mentioned above, the data 1s recorded on the sync
block unit basis and each sync block includes the sync, 1D,
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and user data. Upon reproduction, a clock 1s reproduced by
a PLL by reproducing the sync and the data of one sync
block 1s demodulated by using the clock. In case of feeding
the tape at a high speed, therefore, if the data of one sync
block can be reproduced, the data can be demodulated.

In the tape streamer drive, an SCSI (Small Computer
System Interface) is used for inputting and outputting data.
That 1s, when recording data, data 1s transmitted from a host

computer (not shown), for example, by setting 512 bytes to
one segment. The data 1s mputted through the SCSI 13.

The tape streamer drive also has a data compressing and
decompressing unit 14 for compressing and decompressing
data. The data compressing and decompressing unit 14 1s
constructed by an interface 15 on the original data side, a
data compressing and decompressing engine 16, and an
interface 17 on the compression data side. Data to the data
compressing and decompressing unit 14 1s transferred by a
DMA (Direct Memory Access). Each of the interface 15 on
the original data side and interface 17 on the compression
data side has an FIFO (First-In First-Out) register for
adjusting a DMA transfer speed.

The data compressing and decompressing engine 16
executes a compressing and decompressing process of data
by an LZ code. The LZ code 1s used to compress the data by
detecting a repetition of an input character train. That 1s, an
exclusive-use code 1s allocated to the character train which
was processed 1n the past and 1s stored 1n a form of a
dictionary. The mput character train and the dictionary are
compared and when they coincide, the mput character train
1s rewrltten to a dictionary code. The character train which
doesn’t coincide with the dictionary is registered one by one
in the dictionary. As mentioned above, by registering the
input character train into the dictionary and rewriting the
character train to the code of the dictionary, the data is
compressed.

When recording data, data 1s transmitted from the host
computer, for example, by setting 512 bytes to one segment.
The data 1s mputted through the SCSI 13. An output of the
SCSI 13 1s supplied to the data compressing and decom-
pressing engine 16 via the mterface 15 on the original data
side of the data compressing and decompressing unit 14. The
data 1s compressed by the data compressing and decom-
pressing engine 16 by using the LZ code. An output of the
data compressing and decompressing engine 16 1s outputted
through the interface 17 on the compression data side.

An output of the interface 17 on the compression data side
1s once stored 1nto a buifer memory 19 under the control of
a buffer memory controller 18. An output of the buffer
memory 19 1s supplied to the modulating circuit 8. The
recording data 1s modulated by the modulating circuit 8. An
output of the modulating circuit 8 1s supplied to the record-
ing heads 2A and 2B via the recording amplifier 9. The data

1s recorded along the oblique tracks on the magnetic tape §
by the recording heads 2A and 2B.

When the data 1s reproduced, the recording data on the
magnetic tape 5 1s reproduced by the reproducing heads 3A
and 3B. Outputs of the reproducing heads 3A and 3B are
supplied to the demodulating circuit 11 through the playback
amplifier 10. The reproduction data 1s demodulated by the
demodulating circuit 11. An output of the demodulating
circuit 11 1s once stored 1n the buffer memory 19 under the
control of the buffer memory controller 18.

An output of the buffer memory 19 1s supplied to the data
compressing and decompressing engine 16 via the interface
17 on the compression data side of the data compressing and
decompressing unit 14. The data 1s decompressed by the
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data compressing and decompressing engine 16, thereby
returning to the original data. An output of the data com-
pressing and decompressing engine 16 1s supplied to the
SCSI interface 13 via the interface 15 on the original data
side.

As mentioned above, 1n the data streamer, the data 1s
recorded on the sync block unit basis and the search code 1s
included 1n the ID of each sync block. At the time of the
reproduction, the clock 1s reproduced by the PLL by repro-
ducing the sync and the data of one sync block 1s demodu-
lated by using the clock. The ID 1s detected by an ID
detecting circuit 21 from the demodulated output of the sync
block. The ID 1s sent to the system controller 12 and the
searching operation 1s executing by using the search code of
the ID. When the tape 1s fed at a high speed, therefore, so
long as the data of one sync block can be reproduced, the
data can be demodulated. Upon searching, the tape 1s fed at
a high speed and the search code 1s detected. Since no
exclusive-use search area 1s provided, it 1s unnecessary to
judge whether the reproduced code 1s the search code or not,
so that the recording efficiency 1s improved.

Conditions which enable the search code to be certainly
detected upon searching will now be considered.

The tape 1s fed at a high speed upon searching. Since the
recording 1s executed by the heads having different azimuth
angles, when the tape 1s fed at a high speed, its reproduction
wavelorm output from the playback amprifier 10 becomes a
waveform like beads as shown 1n FIG. 4.

That 1s, when the tape 1s fed at a high speed, the heads
pass over a plurality of tracks Tal, Tbl, Ta2, Tb2, . . . as
shown 1n FIG. 5. Signals are recorded by the heads having
different azimuth angles in the adjacent tracks Tal, Tb1, Ta2,
1b2, . . . . When the head traces the track having the same
azimuth angle as that of the head, therefore, a large repro-
duction output can be obtained. When the head traces the
track having the azimuth angle different from that of the
head, the reproduction output 1s small. For example, in case
of tracing by the head of the A azimuth, portions of the large
reproduction output correspond to a period of time when the
head traces the tracks Tal, Ta2, . . . of the A azimuth angle.
Portions of the small reproduction output correspond to a
period of time when the head traces the tracks Tbl, Tb2, . .
. of the B azimuth. As shown 1n FIG. 4, therefore, the
reproduction waveform becomes a waveform like beads.
When the search 1s executed at an N-times speed, N bead
waveforms (the portion in which the reproduction output is
large) can be obtained by one scan.

As shown 1n FIG. 6, when 1t 1s assumed that a head whose
reproduction head width Th 1s wider than a track pitch Tp 1s
used and, for example, the reproducing head of the azimuth
angle A traces a track Ta of the same azimuth angle A, since
the head completely traces on the track Ta for a period of
time during which the head moves from a position shown 1n
FIG. 6A to a position shown 1 FIG. 6B, the reproduction
output becomes flat. A movement amount between them 1s
equal to (Th=Tp). The period of time when the reproduction
output 1s flat 1s a period of time when the reproduction
output can be sutficiently obtained, namely, a period of time
during which the maximum amplitude 1s obtained. In case of
scarching by detecting the search code of the ID of the sync
block, therefore, 1t 1s necessary to detect the data of at least
one sync block while the reproduction output 1s flat.

The track pitch 1s now set to Tp and the reproduction head
width 1s set to Th as shown in FIG. 6 and the flat portion of
the reproduction output 1s set to L and a pitch of the
reproduction wavelorm 1s set to P as shown 1n FIG. 4. The
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pitch P of the reproduction waveform corresponds to the
reproduction waveform of two tracks and (Th-Tp) corre-
sponds to the flat portion L, so that the following relation 1s
satisiied.

P:L=2xTp):(Th-Tp)

The flat portion L of the reproduction waveform can be
consequently expressed as follows.

L=(Th-Tp)xP/(2xTp)

When the flat portion L which 1s obtained like the above
equation relates to at least one sync block or more, therefore,
at least one sync block ID 1s certainly detected, so that the
search code can be detected.

In case of searching at an N-times speed, however, there
1s a case such that data of one sync block or more is
reproduced from each track. When the data of one sync
block or more 1s reproduced from each track, by previously
writing the same ID at a specific position on each track, the
ID can be certainly detected 1n any case.

In this mstance, the number of sync blocks of data which
1s reproduced from each track 1s obtained. As shown 1n FIG.
7, the number of sync blocks of one track 1s set to B and the
times speed 1s set to N. When the number of sync blocks of
one track 1s equal to B, data of B blocks can be obtained by
onc scan. When the times speed 1s equal to N, data of B
blocks can be obtained 1n N tracks. The number of blocks
per track can be consequently obtained by (B/N=450/100).
When the same ID 1s continuously written to blocks of the
number of an integer that is larger than (B/N), the ID can be
certainly detected 1n any case.

For example, when there 1s a prerequisite that the search-
ing operation of 100-times speed 1s executed, assuming that
the number of sync blocks 1n one track 1s set to 450,
B/N=450/100=4.5, namely, by continuously writing the
same ID 1nto at least five sync blocks, the ID can be certainly
detected.

When the data 1s recorded on the sync block unit basis and
the searching operation 1s executed by using the ID of the
sync block as mentioned above, conditions which enable the
scarch code to be certainly detected upon searching are as
follows.

(1) The flat portion of the reproduction waveform is set to
the length 1n which data of one or more sync blocks can be
arranged.

(2) The same ID i1s written by only the number of times
corresponding to the number of sync blocks obtained from
cach track by one scan.

FIG. 8 1s a flowchart showing the operation in the
scarching mode. Upon searching, a scarch code of a target
place of the system controller 12 1s mputted from the host
computer through the bus and the SCSI interface 13 (step
S1). The system controller 12 controls the mechanism
controller 7 and the reproduction 1s executed at the N-times
speed (step S2). In this instance, the system controller 12
controls the feeding speed of the magnetic tape 5 so that at
least one sync block 1s mncluded 1n the flat portion of the
reproduction waveform as shown in FIG. 4 that 1s outputted
from the playback amplifier 10. The sync block 1s repro-
duced from the reproduction signals from the reproducing
heads 3A and 3B by the demodulating circuit 11 (step S3).
The ID of the sync block 1s detected by the ID detecting
circuit 21 (step S4). The system controller 12 compares the
reproduced search code with the code of the target place
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(step S5). The above processing steps are repeated until the
reproduced search code and the code of the target place
coincide. When 1t 1s judged that the reproduced search code
and the code of the target place coincide, the system con-
troller 12 stops the tape (step S6). Accordingly, the tape is
fed until the target place.

Having described a specific preferred embodiment of the
present 1nvention with reference to the accompanying
drawings, 1t 1s to be understood that the invention is not
limited to that precise embodiment, and that various changes
and modifications may be effected therein by one skilled 1n
the art without departing from the scope or the spirit of the
invention as defined 1n the appended claims.

What 1s claimed 1s:

1. A reproducing method of a helical scan system for
reproducing data recorded on a tape-shaded recording
medium by rotary heads, 1n which a track divided into a
plurality of blocks each including ID information is formed
on said tape-shaped recording medium, wherein said method
comprises the steps of:

reproducing said blocks while feeding said tape-shaped
recording medium at a high speed;

detecting a reproduction waveform of a reproduced sig-
nal;

feeding said tape-shaped recording medium so that a flat
portion of said reproduction waveform which corre-
sponds to a portion of said track which includes at least
one of said blocks 1s reproduced 1n said reproducing
step; and

wherein when a track pitch 1s set to Tp and a reproduction
head width 1s set to Th and a pitch of said reproduction
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waveform 1s set to P, a length L of the flat portion of
said reproduction waveform 1s specified by the follow-
Ing equation:

L=(Th-Tp)xP/(2xTp).

2. An apparatus for reproducing data on slant tracks
formed on a tape-shaped recording medium, comprising:

rotary heads having reproducing heads;

detecting means for detecting ID information 1n a plural-
ity of blocks recorded on said track by output signals
from said reproducing heads;

means for searching a desired position on said tape-
shaped recording medium on the basis of said ID
information detected while feeding said tape-shaped
recording medium at a high speed; and

wherein said searching means controls the feeding opera-
tion of said tape-shaped recording medium so that a
reproduction wavelform of the output signal from said
reproducing head includes the data of at least one block
in said flat portion, and wherein when a track pitch 1s
set to Tp and a reproduction head width 1s set to Th and
a pitch of said reproduction waveform 1s set to P, a
length L of the flat portion of said reproduction wave-
form 1s specified by the following equation:

L=(Th-Tp)xP/(2xIp).

G o e = x
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